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Abstract: The Experiment to Detect the Global Epoch of reionization Signature (EDGES) collaboration has
reported an excess absorption dip in the 21 cm signal during cosmic dawn era. The stronger than expected 21
absorption signal indicates that gas was much cooler than the standard cosmological prediction. The observed
21-cm signal can be explained by decreasing the gas temperature via baryon-DM interaction. In this work,
we study the temperature evolution of the gas and Dark Matter (DM) in the presence of magnetic fields. The
magnetic heating via ambipolar diffusion and the turbulent decay increases both the gas and DM temperature
at low redshift and this heating is more in the favour of baryons compared to DM. In the presence of strong
magnetic field, a large baryon-DM interaction cross section is required to balance magnetic heating to explain
the EDGES signal as compared to weak magnetic field. We also study the brightness temperature during the
cosmic dawn era and put constraint on the strength of the magnetic field for a particular mass and baryon-DM
cross section.
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I. INTRODUCTION
Within the standard cold dark matter cosmology (ΛCDM),
free electrons and protons cool sufficiently after 3 × 105 years
of big-bang to form neutral hydrogen atoms. At the end of
recombination (z ≈ 1100), matter decouples from the cosmic
microwave background (CMB) photons and the temperature
reaches around 3000 K. After that, the dark age begins and
the Universe becomes homogenous. Later during the cosmic
dawn era (15 < z < 35), over density grow in the matter per-
turbations and collapse to form the first star and galaxy in the
Universe. During the dark ages, residual electrons from the
recombination scatter off the baryons to maintain the thermal
equilibrium until z ≈ 200. Subsequently, gas cools adiabati-
cally due to the thermal expansion of the Universe and the gas
temperature reaches to ≈ 6.8 K at z = 17.
During the cosmic dawn era, the gas temperature is lower
than the CMB temperature hence hyperfine transitions in the
neutral hydrogen atoms produce 21-cm absorption spectra.
The hyperfine transitions are due to the CMB photons, gas
collisions and the Ly-α radiations from the first star. 21-cm
absorption line leaves an imprint of spectral distortion in the
low-frequency tail of the CMB spectrum. The observation of
the 21-cm line can give logical reason behind the density fluc-
tuations [1], cosmic reionization [2] and X-ray heating of the
IGM [3]. Recently, “Experiment to Detect the Global Epoch
of Reionization Signature (EDGES)” collaboration reported
the first detection of such absorption signal centred at 78 MHz
[4]. The observed absorption dip at z ≈ 17 is approximately
2.5 times larger than the standard ΛCDM model prediction
[4]. Several attempts have been made in the literature to ex-
plain the observed EDGES absorption dip. One possible sce-
nario to explain the observed spectrum is to cool the gas in
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the Inter-Galactic Medium (IGM) below the standard ΛCDM
prediction. Since the DM in the ΛCDM model is colder than
the gas, elastic scattering of baryon with DM can cool the gas
[5, 6]. A non-standard Coulomb interaction between baryon
with dark matter: σ = σˆv−4 has been considered to explain
the EDGES signal, where v is the relative velocity between
the dark matter and the baryons [5, 7, 8]. Millicharge dark
matter particle has been proposed to cool the gas temperature
via DM-baryon interaction [4, 6]. Substantial part of the DM
mass and coupling are tightly constrained by the cosmologi-
cal and the astrophysical observations [5, 6, 9, 10]. Increasing
the background radio photons during the cosmic dawn era and
modifying the cosmological evolutions are the other possible
explanations of the EDGES signal [11]. In Ref. [12–14], au-
thors have studied the DM annihilation/decay which can inject
the energy and heats the gas. They have also constrained the
annihilation/decay rate of DM such that it can not erase the
standard 21 cm signal. In Ref. [15], authors have considered
the dark matter viscosity to heat the gas and dark matter in
the context of the observed 21 cm signal. Another possible
process to heat the gas is, to consider a decaying magneto-
hydrodynamics, where a decaying magetic field can heat the
IGM. In the present work, we study the effect of magnetic
heating on the temperature evolution of the gas, DM and the
brightness temperature in presence of the baryon-dark matter
interaction during the cosmic dawn era.
These magnetic fields could have generated during the
structure formation or in the early Universe [16–20]. It is ob-
served that the magnetic fields are present on all length scales
(i.e. at the scales of galaxies and the clusters). They have
a strength of the order of few µG at a coherent length scale
of a few tens of kpc for clusters of galaxies and a few kpc
for galaxies [21, 22]. The strength of these magnetic fields is
constrained from the structure formation, big bang nucleosyn-
thesis (BBN) and temperature anisotropies and polarization of
cosmic microwave background (CMB) [23, 24]. Anisotropy
generated by homogeneous magnetic fields, whose maximal
amplitude measured by PLANCK today is B0 ≤ 4.4 nG at a
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2comoving scale of 1 Mpc [25]. From the data of Fermi and
High Energy Stereoscopic System (HESS) gamma-ray tele-
scopes, the peak strength of the magnetic field at a length scale
of 1 Mpc is of the order of few nG [22]. However, the upper
bound on the amplitude of the magnetic field, obtained from
BBN is ∼ 10−6 G at a comoving length scale of ∼ 100 pc
[26, 27]. If strong magnetic fields were present at the time
of nucleosynthesis, the abundance of relic 4He and other light
elements could have different values than we observe today
[28, 29]. Therefore, to satisfy the current observational limits
on the light element abundances, the strength of these mag-
netic fields should have a value of the order of ≈ 10−7 G,
at the present time [30, 31]. It has also been shown that, in
the presence of the magnetic fields, thermal evolution of the
baryon, after recombination could be modified, as these mag-
netic fields may decay and heats the IGM. This decay occurs
through standard ambipolar diffusion and forward cascade of
the magnetic energy [31]. Therefore reionization of IGM and
structure formation is connected to the thermal evolution of
the baryons and decoupling of the photons at recombination.
The present work is divided into the following sections: in
section (II), we have revisited the 21-cm observed signal from
the EDGES; in section (III), a brief description of the Primor-
dial magnetic fields (PMF) and it’s decay is discussed; section
(IV) contains the result obtained and a detailed discussion. In
the end, we have summarized and concluded our work in sec-
tion (VI).
II. 21 CM SIGNAL AND EDGES OBSERVATION
At the end of recombination, the baryon number density of
the Universe mostly dominated by the neutral hydrogen, small
fraction of helium, residual free electrons and protons. The
hyperfine interaction between spin of the electron and proton
split the ground state of neutral hydrogen atom into singlet and
triplet states with an energy difference of E21 = 5.9× 10−6 eV
= 2pi/(21 cm). Relative number densities of neutral hydrogen
in the singlet and triplet state, define the spin temperature (TS )
of the gas, and is given by the following relation:
n1
n0
=
g1
g0
e−
E21
TS ' 3
(
1 − E21
TS
)
, (1)
here n0 and n1 are the number densities in the singlet and
triplet states respectively. Three competing mechanisms that
determine the spin temperature are: gas collision, emis-
sion/absorption of CMB photon and Ly-α radiation from the
first star. Equilibrium balance between singlet and triplet state
due to these effects set the spin temperature [32]
T−1S =
T−1CMB + xcT
−1
gas + xαT
−1
Lyα
1 + xc + xα
, (2)
where TCMB, Tgas and TLyα are the CMB, kinetic and the Lyα
temperature of the gas respectively. xc and xα are the colli-
sional and Lyα coupling respectively,
xc =
E21
Tgas
C10
A10
, xα =
TS
TLyα
Pw01
A10
,
where C10 is the collision rate between H − H, H − e, p − H
and Pw01 is the excitation rate due to Ly-α radiation and A10 =
2.9 × 10−15sec−1 is the Einstein coefficient for spontaneous
emission. After the first star formation, a large number of
Lyα photons scattered with the gas, and brought the radiation
and the gas into a local thermal equilibrium [32]. Hence dur-
ing the cosmic dawn era Tgas ≈ Tα. The 21 cm signal can
be described, in terms of the redshifted differential brightness
temperature [32]
T21 =
1
1 + z
(TS − TCMB)(1 − exp−τ) , (3)
where optical depth τ = 3λ
2
21A10nH
16TSH(z)
, nH is the hydrogen num-
ber density and H(z) is the Hubble rate. Depending on the
spin and the CMB temperature, three scenarios arise: (i) when
TS = TCMB, then no signal is observed; (ii) if TS < TCMB,
photon get absorbed by the gas and absorption spectra is ob-
served; and (iii) if TS > TCMB, then it leaves an imprint of
emission spectra.
Evolution of the 21 cm signal is as follows: after recombi-
nation at z ∼ 1100 down to z ∼ 200, the residual free electrons
undergo Compton scattering to maintain thermal equilibrium
between the gas and CMB, and collisions among the gas is
dominant, i.e. xc  1, xα [5, 32], which set TS = TCMB.
Hence, 21 cm signal is not observed during this era. Below
z ∼ 200 until z ∼ 40, the gas cools adiabatically and it falls
below CMB temperature, which implies the early 21 cm ab-
sorption signal. The strength of this absorption signal is too
small to observe. Below z ∼ 40 down to the first star forma-
tion, gas cools sufficiently due to the expansion and the col-
lisional coupling becomes very small due to the dilution, i.e.
xc, xα → 0 [5, 32]. This implies, TS = TCMB, hence no 21 cm
signal during this period. After the first star formation, a tran-
sition between the singlet and triplet states occurs due to the
Lyα photons emitted from the first stars via Wouthuysen-Field
(WF) effect [33, 34]. Lyα photons couple the spin temperature
to the gas temperature. In this era, xα  1, hence spin temper-
ature and the gas temperature become equal to each other i.e.,
TS = Tgas < TCMB. Thus an imprint of the 21-cm absorption
signal can be seen at the low-frequency tail of the CMB spec-
trum. Below z ∼ 15 until z ∼ 7, X-ray from the active galactic
nuclei heats the gas above the CMB temperature and we ob-
serve an emission signal [32]. Below z ∼ 7 neutral hydrogen
became ionized and the signal disappears.
Recently, the EDGES collaboration reported the global
brightness temperature at z = 17
T obs21 (z = 17) = −500+200−300 mK , (4)
and corresponding gas temperature is 3.26+1.94−1.58 K [4]. On
the contrary, standard ΛCDM predicts the gas temperature
6.8 K at z = 17 and corresponding brightness temperature
T21 ≥ −220 mK [5]. In order to explain the EDGES absorp-
tion signal, the gas temperature needs to be cooler than the
ΛCDM prediction. During the Cosmic dawn era, the Universe
was at its coldest phase, and the relative velocity between the
DM and baryon was very small [O(10−6)]. Also, the temper-
ature of the dark matter is colder than the baryon temperature
3during this period, so an interaction of the baryon with dark
matter can cool the gas temperature. Since the relative veloc-
ity is small, scattering cross section of the type σ = σˆv−4 can
enhance the interaction rate and cool the gas sufficiently to ex-
plain EDGES absorption dip [7, 8]. In this work, we consider
magnetic heating of the gas and the DM via ambipolar and
turbulent decay to study the EDGES 21 cm signal.
III. PRIMORDIAL MAGNETIC FIELDS AFTER THE
RECOMBINATION ERA
In this section, we present the effect of PMFs on the ther-
mal history of the Universe. We assume that, due to some
early Universe process, tangled magnetic fields were present
at a sufficiently large length scale after the recombination era.
We also consider a very small velocity induced by the PMFs
to avoid any dissipations of the initial magnetic fields due
to viscosity and other dissipation [35, 36]. This is applica-
ble in linear regime and magnetic fields evolve adibatically
as B(t, x) = B˜(x)/a(t)2, where x is the comoving coordinate,
B˜ is the comoving strength of the magnetic fields and a(t) is
the scale factor. Since plasma in the early Universe remains
highly conductive, the adiabatic evolution of the magnetic
fields is true. However, at a sufficiently small scale, when
non-linear effects operate, adiabatic decay no longer satisfy.
In this case, it is needed to consider Euler Eqs. along with
the magnetic induction equation and Maxwell’s Eqs. to un-
derstand the dynamics of the fluid.
In the present work, we consider an isotropic and homo-
geneous Gaussian random magnetic field, whose power spec-
trum is given by the following equation
〈B˜i(k) B˜∗j(q)〉 =
(2pi)3
2
δ3D(k − q)
(
δi j − kik jk2
)
PB(k) , (5)
where PB(k) is the magnetic power spectrum and k = |k| is the
comoving wave number. For simplicity, we consider a power
law spectrum of the magnetic fieldsPB(k) = A knB for k < kmax
(kmax is calculated by the damping at recombination due to the
viscosity) [35, 36]. Here nB and A are spectral index and the
normalization constants respectively. In particular, nB = 2
for white noise [37], nB = 4 for Batchelor spectrum [38] and
nB = −2.9 for nearly scale invariant spectrum [31]. The am-
plitude (A) can be obtained by demanding the magnetic fields
are smooth over the cut off scale, and after that PB(k) = 0.
Once the recombination period end, baryons and CMB pho-
tons decouple and their velocity start to increase. Eventually,
these particles achieve a common velocity, determined by the
equipartition between the magnetic field and kinetic energy of
the baryon gas. This velocity is given by the Alfv´en velocity
vA = c B0/
√
4piρb0a(t), here ρb0 is the present baryon density
and B0 is the currently observed strength of the magnetic field
at Mpc scale. The cut off scale is defined as kmax ≈ 2piHavA .
Therefore, the cut off value from this relation can be written
as [31, 39]:
kmax
2piMpc−1
=
1.32 × 10−3 ( B01nG
)2 (Ωbh2
0.02
)−1 (
Ωmh2
0.15
)
−1
(nB+5)
,
(6)
here Ωb, Ωm, and h are the cosmological parameters and have
the mathematical value h = 0.674 (H0 = h×100 km-s−1 Mpc),
h2Ωb = 0.0224 ± 0.0001, h2Ωm = 0.143 [40].
Dissipation of magnetic energy
After recombination, any present magnetic field dissipates
its energy and heats the gas through two mechanisms, namely
the ambipolar diffusion and the turbulent decay [31, 39]. The
heating of the gas gives a considerable change in the thermal
evolution of neutral atoms. The velocity difference in the ion-
ized and neutral particles after the recombination leads to the
ambipolar diffusion of the magnetic energy. Direct cascade
happens due to the non-linear processes, which couples the
different modes and the cascading of magnetic energy from
large to small scale. This happens through the breaking of the
larger eddy into the smaller eddies, when eddy turn over time
teddy is equal to the Hubble time i.e. (teddy ∼ H−1). The energy
dissipation due to ambipolar and direct cascade can be given
by [41, 42],
Γambi =
ρn
16pi2γρ2bρi
|(∇ × B) × B|2 , (7)
Γdecay =
B20(t)
8pi
3m
2
[
ln
(
1 + teddy/ti
)]m
H(t)[
ln
(
1 + teddy/ti
)
+ ln(t/ti)
]m+1 , (8)
where ρn and ρi are the mass densities of neutral and the ion-
ized atoms respectively, t is the cosmological time at a generic
red shift z, teddy is the physical decay time scale for the turbu-
lent and ti is In Eq. (8), initial time at which decay starts.
m = 2(nB + 3)/(nB + 5). For the present scenario γ is given by
[42–45],
γ =
1
2nH〈σv〉H+,H + 45nHe〈σv〉H+,He
mH[nH + 4nHe]
, (9)
where mH is the mass of the hydrogen and nHe is the number
density of the helium atom. The absolute values of the Lorentz
force and magnetic energy in Eqs. (7) and (8) can be obtained
by considering a suitable power law spectrum of the magnetic
field. This can be done using following correlation integrals:
|(∇ × B) × B|2 = ∫ (dk/2pi)3 ∫ (dq/2pi)3 k2 PB(t, k)PB(t, q)(1 +
z)10 and |B|2 = ∫ (dk/2pi)3PB(t, k)(1 + z)4. However, in the
present work, we have taken approximate value of the am-
bipolar diffusion term, which is [46]
Γambi ∼ ρn
16pi2γρ2bρi
B4
L2
, (10)
here L is a typical length scale. To sum up, the time evolution
of the magnetic energy can be written as [31, 36]
d
dt
( |B|2
8pi
)
= −4H(t)
( |B|2
8pi
)
− Γambi − Γdecay . (11)
4IV. BARYON AND DARK MATTER INTERACTION IN
PRESENCE OF MAGNETIC FIELD
In this section, we discuss the effects of magnetic field
on the baryon and DM temperature when they are interact-
ing with each other. Temperature evolutions of the DM and
baryon, having relative velocity, in the presence of the mag-
netic field are given below
dTgas
dz
=
2Tgas
(1 + z)
+
ΓC
(1 + z)H
(Tgas − TCMB)
+
2
3(1 + z)H
dQgas
dt
− 2Γheat
3(1 + z)H
, (12)
dTd
dz
=
2Td
(1 + z)
+
2
3(1 + z)H
dQd
dt
(13)
dv
dz
=
v
(1 + z)
+
D(v)
(1 + z)H
(14)
where Td and md are temperature and mass of the DM respec-
tively, H is the Hubble expansion rate and ΓC is the Compton
scattering rate, defined as
ΓC =
8σTarT 4CMBxe
2(1 + xe + xHe)me
.
where xe = ne/nH is the electron fraction, xHe is the helium
fraction, ar is the radiation constant and σT is the Thomson
scattering cross section. Drag term D(v) is given by
D(v) ≡ ρmσˆ
mH + md
1
v2
F(r) , (15)
where ρM is matter density and
F(r) ≡ erf( r√
2
) −
√
2
pi
re−r
2/2 ,
with r = vuth and uth =
√
Tgas
mH
+
Td
md
. Heat transfer of the gas
per unit time is given by [47]
dQgas
dt
=
2mHρdσˆe−r
2/2
√
2pi(mH + md)2u3th
(
Td − Tgas
)
+
µρd
ρM
vD(v) , (16)
where µ is the reduced mass of DM and baryon, σˆ is DM-gas
scattering cross-section. In Eq.(16), the first term represents
the baryonic cooling due to its interaction with the DM and the
second term represents the heating due to the drag term. The
relative velocity between the dark matter and the gas, produce
friction between two fluid which is responsible for the drag
term. Heat transfer rate for dark matter, dQddt can be obtained
by interchanging gas↔ d in Eq. (16). Temperature evolution
of the DM and gas require electron ionization fraction [48]:
dxe
dz
=
1
H(1 + z)
3
4RLyα +
1
4 Λ2s,1s
βB +
3
4RLyα +
1
4 Λ2s,1s(
nHx2eαB − 4(1 − xe)βBe−E21/TCMB
)
(17)
where βB and αB are the photoionization rate and case-B re-
combination coefficient respectively. E21 is energy of Lyα
wavelength photon and Λ2s,1s = 8.22 sec−1 is the hydrogen
two photon decay rate. The escape rate of Lyα is given by:
RLyα = 8piH3nH (1−xe)λ3Lyα
, λLyα is the rest wavelength of Lyα pho-
ton. As it has been confirmed in Ref. [49], that cooling due to
effects like Lyman-α emission, Bremsstrahlung and recombi-
nation does not have that much effects on the dynamics of the
gas and DM, therefore, we have not considered these effects
in our present work.
V. RESULTS AND DISCUSSION
Solving Eqs. (11)-(14) and Eq. (17) along with the Eq.
(11) and setting initial condition Tgas(1010) = 2749.92 K =
TCMB(1010), Td(1010) = 0, xe(1010) = 0.057 and B0 (1 + z)2
initial magnetic field strength, we get the temperature evolu-
tion of the DM and gas for different DM mass, DM-baryon
interaction cross-section and magnetic field. Figure (1) shows
the evolution of the gas and DM temperature with redshift z
and the solid blue line corresponds to gas temperature when
both the magnetic field and DM-baryon interaction are zero.
In this case, gas temperature falls as Tgas ∝ (1+z)2 and reaches
6.8 K at z = 17. In figure (1a), temperature evolution of the
gas and the DM for different magnetic fields is given for dif-
ferent values of the magnetic field at constant σˆ = 10−41 cm2
and md = 0.1 GeV. For B0 = 10−5 (10−6) G, gas tempera-
ture falls down due to Hubble expansion and interaction with
dark matter till z ≈ 30 (z ≈ 20), then temperature rises due
to magnetic heating term. For B0 = 10−5 G, the tempera-
ture of the DM also increases due to the coupling between the
DM and baryons at lower redshift. Larger the strength of the
magnetic field, earlier the heating begins, and heating of the
gas is higher compared to the DM at low redshift. Although
dark matter temperature at z ∼ 1010 is taken to be zero, it
heats up due to the drag term in Eq. (15) and heat transfer
from hydrogen. At low redshift, temperature of dark matter
for B0 = 10−5G is larger compared to B0 = 10−6G, because
temperature of gas is higher for B0 = 10−5G, its coupling with
DM raises the DM temperature. Figure (1b) shows the tem-
perature evolution of gas and DM for different DM-baryon
interaction cross-section when magnetic field B0 = 10−6 G
and DM mass md = 0.1 GeV are fixed. Larger the interac-
tion between gas and DM, more heat transfers from gas to
the DM and cools the gas efficiently. For B0 = 10−6 G and
σˆ = 10−41 cm2, temperature evolution for different dark mat-
ter mass is shown in Fig. (1c). As we increase the DM mass
from 0.1 GeV to 1 GeV temperature of both the DM and gas
increases, because the heating due to the drag term in (15)
become more efficient for large dark matter mass [47]. This
drag heating is important when mass of DM is comparable and
greater than 1 GeV[47]. Below z ∼ 50, in addition to heating
due to the drag term, magnetic heating also contribute to the
gas temperature, hence the gas temperature for md = 1GeV is
higher than md = 0.1GeV.
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FIG. 1: Temperature evolution of baryon and DM in the presence of magnetic field and baryon-DM interaction. Blue line
corresponds to temperature evolution of gas in the absence of both magnetic heating and baryon-DM interaction. The red
(green) solid lines represents the variation of the gas temperature and the dotted red (green) line shows the variation of the DM
temperature in presence of magnetic field and the baryon-DM interaction.
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FIG. 2: DM-baryon cross section required for EDGES signal
(i.e. Tgas = 3.26K) in the presence of magnetic field. The
solid blue and red line correspond to B0 = 10−6 G and 10−9G
respectively. (1 GeV−2 = 3.89 × 10−28 cm2)
Correlation between mass of DM and baryon-DM cross section
from EDGES observation
As discussed above, in presence of a large magnetic field,
temperature of the DM and gas increase during the cosmic
dawn era, but the gas temperature increases more in compar-
ison to the dark matter. Hence, the correlation between the
mass of the dark matter and the baryon-DM interaction cross
section for the EDGES signal changes for strong and weak
magnetic fields. For B0 = 10−6G and B0 = 10−9G, we solve
Eqs.(11)-(17) for Tgas = 3.26 K at z = 17 to get md vs σˆ plot
as shown in Fig.(2). As we increase the magnetic field from
10−6 G to 10−9 G, larger interaction cross section is required
for md ∈ {10−6, 0.1} GeV to maintain Tgas = 3.26 K at z=17.
The heating effect due to large magnetic field is balanced by
the large baryon-DM scattering cross section. When the DM
mass approaches mass of hydrogen, the drag term in Eq.(15)
also contribute to the heating of gas in addition to the mag-
netic heating. As discussed in [47], when md  1 GeV, the
drag term heat up both the fluid sufficiently such that we can
not obtain Tgas = 3.26 K at z = 17, required for the EDGES
signal. For the large magnetic field, saturation in the DM-
baryon cross-section occurs at smaller values of the DM mass
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FIG. 3: Brightness temperature vs red shift for different
magnetic fields when md = 0.1 GeV and σˆ = 10−15 GeV−2.
The dotted black (orange) color represnt standard ΛCDM
(EDGES) predictions for the global T21 signal and the green,
red and blue solid lines correspond to B0 = 10−6, 1.35 × 10−6
and 1.65 × 10−6G respectively.
because low mass favours less heating compared to the high
mass due to the drag term.
Effect of strong magnetic field on brightness temperature
We have discussed above that, as we increase the strength
of the magnetic field, for a fix DM mass and interaction cross
section, temperature of the gas increases. The differential
brightness temperature T21 during 15 ≤ z ≤ 20 can be ob-
tained by taking TS = Tgas in Eq. (3) for different magnetic
field. For B0 = 10−6G, the brightness temperature for EDGES
reported signal (i.e.−0.5 K) can be explained when md = 0.1
GeV and σˆ = 6.22×10−15 GeV−2. As shown in Fig.(3), bright-
ness temperature is suppressed by the increase of the strength
of the magnetic field and it can even erase the standard 21
cm signal when the magnetic field strength increases above
1.65 × 10−6G. This sets the upper limit on the strength of the
magnetic field for md = 0.1 GeV and σˆ = 6.22×10−15GeV−2.
6VI. CONCLUSION
In the present work, we have studied the evolution of the
baryon and the DM temperature along with the 21-cm bright-
ness temperature with red-shift in the presence of the heat-
ing from magnetic fields and drag between the two fluids i.e.
baryon and DM.We have studied the effect of magnetic en-
ergy dissipation via ambipolar diffusion and turbulent decay
on baryon-DM interaction during the cosmic dawn era. The
magnetic-energy converted to the thermal energy, heat up both
the gas and dark matter. This is an extra heating effect in addi-
tion to the drag heating. The drag term also heats up the DM
and the baryon due to the relative motion of the two fluids.
However, we have found that the magnetic heating is more in
favour of the baryons compared to the DM. In order to explain
the observed anomaly in the 21-cm signal by the EDGES, a
large baryon-DM scattering cross-section is required to bal-
ance the magnetic heating effect. An earlier saturation occurs
in baryon-DM cross-section with respect to the DM mass in
the presence of the high magnetic fields.
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